Transport and phosphorylation of D-galactose in renal cortical cells.
An improved analytical procedure for the extraction and determination of total, free and phosphorylated tissue sugar is described. This method, employing ZnSO4 plus Ba(OH)2 for the precipitation of sugar phosphates, yields values identical with those obtained by the more laborious separation of free and phosphorylated sugar by ion-exchange chromatography. Erroneous values for free sugar due to the action of a Zn2+ -activated phosphatase and/or the lability to acids of some sugar phosphates, are avoided. Using this technique for the sudy of transport and phosphorylation of D-galactose in rabbit renal cortical slices and tissue extracts, it was found: 1. The cellular uptake of D-galactose was associated with the appearance of both free and phosphorylated sugar whether or not external Na+ was present. At 1 mM sugar, galactose was accumulated in the cells against a modest concentration gradient of 1.445 +/- 0.097 (n = 17). Galactose phosphate appeared in the cells considerably faster than free sugar under conditions of net uptake as well as of steady-state exchange (pulse-labelling). 2. Increasing saline pH (6-8) increased the cellular levels of sugar phosphate without affecting the steady-state values of free sugar. With tissue extracts, increasing pH also stimulated the activity of galactokinase and the dephosphorylation of galactose 1-phosphate by a Zn2+ -activated phosphatase. 3. 0.5 mM phlorizin inhibited the tissue uptake of galactose and its subsequent oxidation to CO2 only to a minor degree (30 and 10%, respectively). The absence of external Na+ further depressed the phlorizin effect. Preincubation of the tissue with phlorizin and subsequent washing in part abolished the inhibitory effect. The data suggest that a major portion of the galactose uptake by the tissue proceeds by a mechanism with a low affinity for phlorizin. 4. Efflux studies showed that the wash-out of free galactose from slices was associated with a net decrease of both free and phosphorylated tissue sugar. 5. The above results suggest the possibility that phosphorylation may represent a step in the Na+ -independent, phloretin-sensitive transfer of D-galactose across the antiluminal cell membrane. The participation of intracellular galactokinase and a Zn2+ -activated alkaline phosphatase in the maintenance of the steady state of free and phosphorylated galactose in the cells has been demonstrated.